There are more than 30 waste dumps in the area around Handan city. These waste dumps contain many harmful metals, which may migrate into the soil by raining water. In order to study the migration mechanism and regularity of the harmful metals, a leaching test of the coal gangues was carried out in the laboratory. The results showed that the metal concentrations dissolved out and the release rate from coal gangue were not only related to the pH value of leachate, but also related to the element concentrations in coal gangues. The concentrations of Cr, Mn, Cu, Zn, Pb and Cd in the filter water and collected rainwater were beyond the limits in the Environmental Quality Standards for third Class Surface Water (GB15618-1995).
INTRODUCTION
Coal gangue is an inevitable byproduct in the process of coal mining. With the development of the coal mining industry in recent years, the heavy-metal pollution from the coal gangue is paid more and more attention (Zhang et al., 2009; Sun, 2005; Sun et al., 2009) . According to statistics, the coal gangues in China had already accumulated more than 1500 waste dumps, cover an area of above 1.3 hectares, about 3.4 billion tons. However, the comprehensive utilization rate of gangues is only 30% in 2000 (Zhao, 2000) . Most of the coal gangue still accumulates on the surface. Because of long-term coal gangue accumulation on the surface, the heavy metals in coal gangue have influenced the natural environment, the ecological environment and human health in the condition of insolation, rainfall, weathering and other factors (Liu, 2006; Zeng, 2008; Zhao and Li, 2010; Shu et al., 2001) . Therefore, the research about the impact of the coal gangue on surrounding soil, groundwater and vegetation has aroused extensive attention (Sun et al., 2010) . For example, Dang et al. (1998) studied the environmental geochemistry effect and change regularity of heavy metal in coal gangue in process of weathering. Chen et al. (1988) analyzed the release rate of heavy metal by simulating the interaction process of low-sulfur coal gangue and water. Ren et al. (2010) studied the pollution of heavy metals in rice by remote sense and calculated the heavy metal corresponding to "spectrum critical value". In the stacking process of coal gangues, they bring inevitably some problem to affect the surrounding environment, especially the pollution problems of Zn, Cr, Cd, Pb, Cu.
The influences of pH values on the leaching solutions from the coal gangue samples were studied by using static leaching experiments, and in the same time, the heavy metals of raining water around the gangue dumps were also studied in order to know the migration mechanism, influence factors and leaching regularity of have metals from coal gangues.
MATERIAL AND METHODS
The samples were collected from the Jiulong Coal Mine and were divided into two parts: gangue samples and raining water samples (Fig. 1) . The water samples were collected form puddles of water near the coal gangue dump after rains.
414
Release characteristics of heavy metals from coal gangue under simulation leaching conditions The gangue samples were ground into the particles lower than 0.2 mm. After the pretreatment, the samples were divided into two parts. The first part of samples was dissolved by using HF-HClO 4 -HNO 3 method, and then measured by the inductively coupled-plasma mass spectrometry (ICP-MS). The second part of samples was used for simulation of static leaching experiment (Fig. 2) . The pH values of 5,6,7 were selected, respectively. The solid-liquid ratio is 1:5. The water fell into the samples by simulating raining. The leachate was collected every two day and total 21 samples were obtained.
RESULTS AND DISCUSSION

Heavy metal in coal gangue sample
The contents of heavy metals in coal gangue samples from the Jiulong Coal Mine are presented in Table 1 . The contents of heavy metals in the coal gangue are Ba>Mn>Zn>Cu>Cr>Pb>Ni>Be>Cd. The Ba content is much higher than other heavy metals and up to 616 mg/kg. The contents of Mn, Zn, Cu, Cr, Pb, Ni are 460 mg/kg, 78 mg/kg, 60 mg/kg, 47mg/kg, 20 mg/kg, 16 mg/kg, respectively.
The content of Cd is 0.513mg/l and excess of Environmental Quality Standards for Soil (Table 2) . Cd is carcinogenic substances (Sun et al., 2000) . In non-polluted soils, the Cd contents vary between 0.05 and 0.5 mg kg-1 (Schulte and Blum, 1997) . Barium is one of harmful and toxic elements to humans and environment (Daniel et al., 1973) . 
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Result of coal gangue static leaching
The concentrations of heavy metals in leaching solution changed with different pH conditions (Figs. 4-10) . Figure 4 shows that Cr has the maximum concentration of leachate in pH=5 and the concentration up to 2.803 mg/l in the second sample. Cr release belong to quick-release elements in the leaching process. After the peak leaching amount, the values reduced obviously from 8 days to 14 days. The Gr values in leachate of coal gangue are higher than the Environmental Quality Standards for the third Class of Surface Water (GB3838-2002) in different pH conditions. The concentration of Cr is up to 6.511 mg/l in the rainwater sample. Therefore, Cr is easy to dissolve out from coal gangue. In the static leaching experiment, the concentration of Mn in the leachate is below 1mg/l (Fig. 5) . In the first time the concentration of Mn reaches the peak value and then gradually reduces along with the leaching process. It belongs to quick-release elements. The maximum concentration of Mn is 0.951 mg/l in pH=5. The Mn concentration in the rainwater sample is only 0.543 mg/l. The occurrence states of Mn in the coal gangue are mainly oxidation state and complex state. It is not easy to dissolve out. This result is consistent with the results of Bai and Jia (2009) . The element Ni releases slowly in the early leaching process (Fig. 6 ). The concentration of Ni in the leachate generally growing with the times. Quick-release occurs during the medium leaching process. In the end stage, the concentration of Ni in the leachate decrease with the times. It belongs to slow-release stage again. The content of Ni is 16.750 mg/kg in the coal gangue. Ni reaches 14.166 mg/l in the rainwater sample, which ranked second in the seven kinds of heavy metal. The concentration of Ni is 4.437 mg/l in the leachate, which ranked second also after Zn in the seven kind of heavy metal. The figure shows that Ni can easily leach out in the coal gangue. shows that the release of Cu could be quite complex than other heavy metals. It belongs to intermittent-release. In the leaching process the peaks occur twice. During initial stage, the concentration of Cu in the leachate increases then turns to decrease. It shows that Cu contains easy exchange state in coal gangue. In intermediate stage, the concentration of Cu in the leachate increases to the highest leaching value then turns to decrease. It shows that contains oxidation state and complex state in coal gangue, in addition to easy exchange state. This results are same as the argument by Wang et al. (2003) . During the end stage, the Cu concentration in the leachate generally reduces with the time.
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Release characteristics of heavy metals from coal gangue under simulation leaching conditions Figure 7 . The concentration of Cu in leachate of different pH.
Zn leaching characteristics are different from other heavy metals. The maximum Zn concentration in leachate occurs in pH=7 (Fig. 8) . The leaching process can be broadly divided into three stages. In the initial stage, the concentration of Zn in the leachate is relatively stable with the time. The release rates of heavy metals are the ratios of the absolute values of heavy metal in leachate and the values of coal gangue samples. They show the migration degree of heavy metal in coal gangue samples. Table 3 shows that the migration order of heavy metals is in Ni>Zn>Cr> Cu>Pb>Cd>Mn.
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Release characteristics of heavy metals from coal gangue under simulation leaching conditions Ni, Zn, Cr, Cu show big release rates and are biological toxic elements. They can cause a great impact on the surrounding earth surface, underground water and soil environment. Despite the release rate of Mn is relatively low, the concentration is still higher than the Environmental Quality Standards for the Third Class of Surface Water.
CONCLUSIONS
(1) The leaching test results indicate that the heavy metals of Cr, Mn, Cd belong to quick-release elements and Ni, Cu, Zn, Pb belong to intermittent-release elements. 
